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(57) Abstract: 

PROBLEM TO BE SOLVED: To markedly improve a 
semiconductor light emitting device in external 
quantum efficiency, by a method wherein a light 
takeout plane is turned rugged to be improved in 
light takeout efficiency so as to more efficiently 
take out light emitted from a light emitting part. 

SOLUTION: Projections 9 formed like 
semicylindrida! lenses are provided on the surface 
of a P-type GaN layer 4. As mentioned above, in a 
light emitting device where the P-type GaN layer 4 
is turned rugged, light obliquely incident on a 
light takeout plane is capable of passing through 
the light takeout plane corresponding to an angle 
which incident light ' makes with the rugged surface. 
Even the totally reflected light is repeatedly 
reflected, and when it is incident on the surface of 
the rugged part at a normal angle smaller than a 
critical angle, it is capable of passing through the 
light takeout plane. As a result, a semiconductor 



light emitting device can be markedly improved in 
efficiency to take out light emitted from an active 
layer 3, that is, in external quantum efficiency. 
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[8** 2] iSSeOfJdbl*. Sftto^WttOflWciai't 

*Q| 1 - 4 <7X>Tft7» 1 -7(C&ttO^«*ft«Rr« 
ttHiOraw*»nA: I 0 0 nmWKOSI^SA^^ 

£ M * fc C i <t * * 

aafk^*«f*©*ffl<ciaci«:fl5B3tr&ifi^ s etc 

IS 2 <2JS & St» C £ & ft ft <t ? * 7 * fctt 8 K 12, 
[0001] 



(2) tm 2 0 0 0 - 1 9 6 1 5 2 
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aN. I nGa N % Ga A I Nfr£0tt(tM£4USttl! 
[0002] 

[tt*©ttfti] sit*/ y ^ccf^^ ti&SL\waksm 
[0 00 3] cct, *WKfct*r r£fMMM£«frj 

Kto;iT';> (p> (as> *£*s?rr*fia 

[0 00 4 ] fj(Hi%j|£<!««JBl^«ty^-l-- 
(LED) +$*to\,~V%£<»&fc&*&l&S f T&C 

t*. a3fe<^fifktt^*j9f*LEDOKffit»a*«r»^: 
BT'*S. ■Tftfofe, S£*©LED«. *7y^7iHR 
1 0 l<7>±ccGaN><^7 7 @ dH^T) , . n32G 
aNBl()2. InGaN^fcS103, pStGaNS 

lnGaN^@103fcJ:^pfGaKgl() 
4C^-^s x ^^>^i^n'C, rtS?GaN^I02 

i o 7 4 p mxit? 4 > ^ss i o 6 ^sh sn-ci* 

nSGaNJi] 0 2Ol(CttnMffil05 
[00061 C^Jr^teSatii^^rtt, pflflgfiiQ 
40 13X'J£lf&tt. pSSlGaNSl 0 3**^nS2GaNS 

1 3*aao , c*^^Kce«jHisn*. 

[0007] 

[0 00 8 ] rttbfe. GaN©/0 K^>->^3. 

50 twuui*. *<D?mii,x, m%&<ot&mmfr&< 
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[0009] GaN<0/3tt«l*2. 67£**i' 

2 c » ftSt-ASi L/c jfct*. LED*? 7*WHcfft D ttlil 
fco, **7"0*BKAR (anti-reflection: RjWFA 
it) H««lL'Cfc, C<&«Sftt*abfc&U COfc 

loo i o] ccr\ jfewoasi/ffl-c^&paaGaNis 
rc&BfcEiojtftfccftjxTfttf. ccopwi^st^c 

[0 0 1 1 J *^Wti, frfr&V*VimMS&JLC&~* 

om&t&z&m z> c ± ic h *>* 

10 0 12] 

feffi 5 ft * TtWr&'NOfc 0 ffj U S ft i> 

J: 3 u:*K 0 a LmicMthtmi h ft X I * £ C i fctttt 
[ 0 0 1 3 ] C C *«W0[)|g* U*tt<DJfc«± l 

[00 14] *fcl*. ttK4^<t&£ftH*. 
^ffl** piilSDadbli, RtfiiSjfcfi^fito&BKifrtt&ft 
[00 15] Sfcti, Me4^tt%fiftRi v /Ffflfc* 

offlusi, iwieGadbt*, MS2*iROHii/ao!> 
*bk» w 6 ft x 1 >z c t &m ttz. 
[00 1 6] *&, msaa*ft«s«)Torosae{bi»^ 

[00 17] *fc, wI2®*tt€fe*. RIBttlkttJK^ 
■*f*«ttt(/CRW&ftfc I 0 0 n mttTOSJicoffea 
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tooi8] *mm&m&m : ?-o>n&i3& 

jo 0 1 9 ] c c r\ Pia^e^^ST^Biiiex!!^ 
Bui- . wiz&ittyzw&fcv&micm&zfcf&'r *xft 

[0020] Ris^ssiox. nsuk/kts^ 

m 1 cos £ , mzm 1 com<D±ic%L\sztitc3i ( a u ) 
20 ^*>'H&»2oe«:dtf4©i-r&i. iMttm^^m 

[0021] 

7tB (BmtfT) % n3SGaNB2. InGaN^jfc 
S3. PfflGaN/84^IB:xmjBSftfe»ai«rSr4, 
I nGa N«*Ja3*jJ:UfpSSGaNS4ttjl« 
30 WCXy*>m£2tlX. nSaGaNS2AWJll$ft 
XV*. pS4GaNS4©±CCW 1 -.S|ttcSflKBJt«<0 
IMN7^Mtdnrt^. -eor. pSJGaNS4i 
WWBTiOiiCtt, pfliJiinsSl 3^«Sft. -ec^) 
J:«:p|l!<D*>?w F6^MRnccB(IBSft 
n»*. ^^c. nfflGaKB2^±tct*n«Kfi5^iB 

[0022] p S^G a 

N g 4 BflCitt^Jiox^tfeg ft r l ^^> e 

ttttofc Hvt//cMiCM»t , lt l p5^GaN®40>^ 
40 B« 2/ > K V * ■ U > XiK^tHRMM 9 S 
ft-C^^o pSGa N@4^B^rC0?J:^tcfi0X-r^ 
CitCJ:0 t rSttS3^6ttttS3ftfc*(DRUau«« 

[002 3 ] Ttt*>fe. 01 OCC^bfcSt^Ocfc^tc 
ft^OHjOOTBr^ii, ?SttB3»^»fflgft 

fcS*ftr#tf>KA«bfcftU\ ^5«5ft& # CftCC 

»o-c»^cc\«ofcjtfc. 7s«ofciadiBi©ft«atc 

50 i6l;"C^«tciiDt*W*cidit?**j:^ictf4. * 
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0£bfiW>*ffi«: 0 feme % 9tmc ii 0 tetf * c £ fl* 
[0 02 4 ] -7*0, IK*<O¥ntt^*©0ajLffia>^ 

MfJR <t 0 X . rittS 3 3 ft**-* HftK KOBJ 

[0025] *&tW&&K.h<<>X\t % piGaN 

O<h^C0t$ffit.^, pMGaN®4<9&mtfiS£-?y4 
li. ^(PM&XfSccfc^T, p^Ga NS4<E2!®cc 

C<?>J: ^fci&fttD^D-fextcj: ->*c> p&GaNJS 
4 G>«BBftiS0* * »; T&fg£±#3 jg^gfii l 3 

tcot-^-^ftftA^ififg-r^ciJOiX'^^ -tog* 
tux. miwm&mzimzit. ig$t£*tt&-r* 
ct&x&z. 

[0027] C©«k^JC-?y4V^AS pSaiG 30 

a N8 4 S>&®8(CjSi£gK K-t^n^Ct^J:^ 
X. pfflGaN84© fffift4aj «rH»r&Cifet?* 
?Ut>*>. #MtCte^Tlt pS!GaNB4G>* 
®KllaG£tfttf*fc#K. GaN@4££&figJi<fl$ 

>yt/0^, G a N/14 £Jf rffi^nj # 

titer ht^frnfih-ttc* ct>£5u fmmtu a* 
[0028] cnicttux. **wcjrn«. B£g&ic 

-^^s^AtSA? pMGaNS4C»mc<: 

r* u -c i*. K-tr> yjfiR * s & &■* < * *><mm 

l>.V£r>X. rs^ilj ?:fg<C<!;^< > GaNS4^ 
[0029] fctc, *ti&Oti$m?i- <Z>«iStf to 

mtcn'Ximr&o 

1 0 0 3 0 ] ® 2 RtfB 3 «*, *ftWC[)ftjfe3E^©fiaj 
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[003 1 ] *t\ IS1B ( a ) fc&t/fcJ:^C. if7 T 
4 7£Vi\o>tl£ % di^L/t£l'GaN^'^778. nl 
Ga NS2 , 1 nGaN&*J§3. p£?Ga NB4*Jfi 
%ttAJftftr6. teSfc^fciOTt*. ft*.!*. MOC 
VD < ratal -orqanic ch*nical vapor exposition) 
ft. 'WK^-fFCVDft. **l't*MBE (molecula 
i-bean epitaxy) U £<Dl5&$:?£tf i> C tftX* *> 0 
[0 0 32] 02 ( b) K&UfcJ^ic. uyx 
I ^Z-skYttfttb. AttffKcl*. pMGaN84<0 
»L^^A h ££T|il,. PEP (photo-enqravinq pr 

^^->^>.B*W^-*tttt. «ttf§ 3 ffiLffl 

[0 03 3] ©2 (c) tC^L/Cct^fC. US/X 

[0 03 4] *«:, m2 (d) cc^b^cJr^cc. bVX 

F^*->3 0«HK««rpSGaNB4ect5^*o .m 
WfiltCtt. U^^h/<^->30^)±^^R I E (reac 
tiveion etchinq) (ion nillinq) ^ 

aNS4 4>J«*x->^>ysn&. C^Jr^CCLT, p 
MG a NiS 4 O&fflCC U h M * - > 3 0 <0ffi®^ 

[0 035] cc-c. h^^->3o<^wa^y! 
mmt* xvf^ym.vft&tcjivxfcG.zttz, t 

X. p52(GaN84(Dx^f >^a«0#*tj*<,>«§£K: 
ti. p5^GaN84cr>iH3a(i > h^<d? -> J:0 1> 

pSiGaN84a>[HlCj«, Ul/Xh^ 
^^OW^nio^o'C, p^GaNS4c?E0Q 
tt. l^VXhA^->30<[)|KH«ttix^^>yjaR 

[0036] -XIZ. m (a) CC^t/cJ:^(C. ST, 
EDdbJUtt^/JDXL/c pMGa NB4 05*ffl^*CMff 

(?n^AH4()iAu (^) K4 2««X3K* 
O. «Mft«*ttTo CCX. MgfS4 0cr>g^«Wxt* 

1 On m, Au84 2(08i9ti^x^i OOnm^f^ 
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CCf, Au (&) JI4 2ti. ' t'b^6 
0±K:AiiJ§4 2£tStt*C<!: Mt>'@4 0£EiS 

CCTli^ftKUIti, R I E • = *)>y?it<o 

\ 7 a y'a ^ 7s ic j: &i$$m ic^x hntc 9 * - y & 
n» l -cjsstt 5 * 6 c i cc h m? z>. 

f£ftt>Otc. M?B£In <^>^iO e^SSb 
-C^^t> e *fc« % MerSt I n/S<t AuS^rfjUSOf 
«>£H>o Audifcttl n#<t<4t)i,»rn*> 

C^i, GaN^O^Sfl&cc, Mgiil>^In^ 
ttttU Afttttirl nGaNOS)S«$n^. I n 20 
GaN(t Ga Nttt&br/o I- jTWJ'dl'fc 

[0038] Sfc, p§5!<Z>K-H> hiorii. Mtr<D 

ti*. GUI*. Be . Htr <**E> , Z 

n , Cd (rtKs^iO 

[0039] %K, E3 (b) K&LfcJr^C .S^o 

m g ja 4 0 t a u ja 4 2 £ x ? * > yic j: 0 i& 

i>. CO>\mx\ p32GaNJg4$>£8al^ Ms#iSl* 
?^rg-C'K-e>y$nrc^o c<*><j:5icMtfE4 0£ 
AuB4 2£j$£-r*C<tKJ:*h c<o^^r^>% 

«W*G>**»H«: J: ttiX. p SSG a NS 4 t p Meg 
<t <WcM fc' B *¥r St* * £ , p (MS^MMEb 4>t < 

[004 0] S3 (c) tc&UcJr^cc. nffl% 
ffi5«S#T*. p&GaNB4£ 
iStt83*»»Wccx->f >^or. nMGaN82£ 

x ? > iftc J: DS5»StffcnaaG a N@2 <t>±KT i 
a iAiiES l)£^jgU »J7 h*7CCJ:D><*~ so 
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-I'^Lf, 8 0 0X-C2 0«HBiaK©7 5r»^*Ti 

[0 04 I ] -XIC. 113(d) e^L/cJr^ic. 
%\ 3 ^^1*^0 Bft^^ti, paiGaNia4^® 

e^c[^T*. -tbV. OflCiftDIS*a/<:pSGa N®4 

mONi <^^y>U> Jg I 3 a£*f5U zwc. A>\ 
y 2i£lC£*) I TO ( indium tin oxide) 1 3 

l)££fK?4. ftfe. Ni Jr^) Si 3a-4>ft£> 

T081 3 l)<7)TtCN 1 ^P t toZQ&tm I 3 a £35 
Wit I T08<Z>tt«S«£«fcSu 5^tCtt».teK^> 

[0 04 2] $6CC, ^ (Au) ^t^moPEPft 

6 1- 3 M£&3 n/c^>^ 1 > ^ ■ A' 9 K 6 £Jf5sfc-r 

[0 04 3] CCt, p3SGaNB4<J[)*®tc»lSlifc 
S i 0,«7tt, iO^^>^ - a, K6cr>T*Pr<&& 

0,fi7a. IH3 (c ) &V <d > tc^UcJ:^(C, ^ 
#8 3 ON© ^^jfi b x c » -5 ^ tffflij® ^ ^> ^ s ft r 

&&m< pm&&o>®mct>%m2nxi>z>. 
[0 04 4lB4tt % ccoct^ccor^^nfc*^^ 

(a ) ^iife-^EIIti. < I) > tMWt-*^9- 

XrnbtCo 

[0 0 4 5] 04 (a) ©S»-SE4*itS:*-5i, t« 
«OK^>l9^(Ctt, 3^ hcctM»TttfMttt*tt 1 

^t*. S»fiS*i3. 2 5 «JT>^7C58^^E^r) 
3. 2*JlFiB< 1 K*©3K^iiteorflfWffi* 
1 0 9iGLhfiT i r&Ct^'C»;c. 
[0 04 6] 04 (b) COft^ttt^t, * 

Mttlbfrbt. %&0>£-?r't*O. 45i , J7vFf 

^^^tc^or . *ftfl©s*r-tto. 9 5 § 'J 7 I 
HI L ificcca 0% SSrW ^ c t <t J: o r *cd^ *J ffi u Jte^ 
[004 7] *JfeM^«*K-f<r)^*teS«. 
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4 5 0*^-*r*>-?fc, <?6cc. ^WtoS^ccfe 

♦j . tt&ew < b fcte t>*ft>to b r\ r j # 

IToCi^^ofc, £6tc, p32Ga NJS40ftiS 
[0 04 8] ClJh»aofcJ:}ic, ♦ftWtcJrtier. p 

[00 4 9] *ft5»CKt«WKot*r»Wr*. 
[ 0 0 5 0 ] 05(*, 1 <D£mGi*&tft& 

WftSWl&OBT*. 4«SMtc*H»ttt t p3*GaN 

#»ft34m** 0 cG>«fc$Ko-c4>. jt^mottioxij 
i/KKtitu fto&frfts tlx b > xi^;i bfc 

[0 0 52] *SM2WKfci»T<i, OHCf^br^O 
[0053]$ *S0B«cc Jrfttf. *n*ft«D* 

[0054] *ie; ^IMCQff 20ft«M(COi^M« 
[ 0 0 5 5 1 061*, *»M4>3ir2 

&&®X'&*>> mmtch<,>xi>. m\T)%.m3icwLx 

«&RW*&«T*. T«S»WtctJO-CI*, pSGaN 

[0 05 6] *fc. *aaw«>cga^tt^ t a 2 kmc 

"Tftfc^. B 2 (b > tc&utck*>ic, p^Ga 
ltd t>T(Cx > C <b cci: D 06 tc*UfcJ: 0 
[0057] teajEWttte^-Cfc. 0 1 JdWOXfiflao 
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(0058 ] S6cc, ^ftfflccjrftl*. E2 <c) tc 
W b *C Pidi Uc J: ^ u ^ A I* / < * - i>o>*k f fcXII^T 

[0059] iXK, *«M©3B30).*»«K:oc»TSttiW 

[ 0 0 6 0 ] 0 7 t* % *^0»3^JKW4:*rW^: 

mmx'$>i>. m®K.imxi>< m\T}^M3icmox 

M&tMJItiHS'r*. piGaN 
JS4 <D*fflK. U >Xtt©Ott« 1 2 #JI$fiS 

[006 1 ] *.«StWC[>D!Ifl«tt«>. 02(CBHU'CWa 
Uc -b X 6 (RUSISltt^ LTff^-T 6 C £ tf? * & . 
f^b^, p^GaN/g4C0±^c^^A^^pq^cD/^^ 

*c« b ;c j: ft u > ?:^-r ici^ >5 0 

[006 2] *^<Htc4o%»ri>, 0 ncrao-CHiiiilib 

t)ti\tci<oxzz>mm. ?ut>t>nz^ : m^ttta 

[0 06 3] $6tc % *^){JWccJ:n^ pS!GaN® 
4^®<^>Og|l^-^)U>X1ji!£b^C£ccjcD, A 

[0064 ] **Wo?»4 OjSesWcc^^-clttW 
[ 0 0 6 5 ] 0 8 1*, *MK»m 4 <0.««««r«-rWi8: 

is 4 <D$m \mm x-fi> o . <t4>±<dtH $ n A: p mm 

3<D&mW&mctoX2ftX^Z> 9 £<D£*)<,sL 
bXt>. %<»WVftO®%tt&tZCU*X*Z 9 
[006 6] Tfttofc. iiW^fii 3£or^5n^> 
ITOoatt*tt, 1^2- Or-^0. p5iGaNS4(D 
S»T^2. 6 7^briac^ Sf^-C. pS/OaN@4 
£ilW«tt 1 3 £0>ra*C(*. £HWt*fe£"£r*C 
ft<. ■fb'C, iiP^Sfi 

1 3tcA^o/c*t*. is i icmuxffiftutcisstmm 

[006 7] $^>cc, *^fefl^tcj:rtti\ pSfGa N 

csMm&wnrzct&xzz. mit p^Ga 
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VfifStiL+MZt^ pL 4 Ga NB4©*H#93t(,. 

[0 06 8] *fc % -£$.WM^hl>Xkt, p*2GaNJg 

IS 4 £ -e tlfSS < fiJc^f >. 
[0069) iH!ft€fi I Z<D&mc¥Mt>V\{h<D^$ - 
X*. B^UctWcliHlftSJvr. Br^B3KN;n 10 

- *fi£j: o < r i>c £#s* u*. 

[ 0 0 7 0 ] -#1T\ I TOfc £4>B9IS&t*. ft * 

ou-ffe^u, >*-?$7-£ftOT:2£&ica 

[007 1 ] l^-Wtatlt He-CdU 
-If <fc£:3 25:f <LArU-tM#g: 30 

35 It/^-^?) £Hfc>*C±**C*£. 

[0072]**:, C0&W8LM'*Z~>$:mtffrZ> 

[0073] 5 ommxr*. >xim 

[ 0 0 7 4 1 B 9 1*. *fcW>» 5 COK^M^ftUtt 
«MBt:-*>*. HBKitec^^, Bi7V£B3tc»or 40 

fa&MWtfKr*. *ftRMHcc*H> a ct> l p32GaN 

B4©*iBU¥ffir'^*}. *q±ic«*. pHanffii 
UB2 0#tta*ftri'* # -eor. *E*)t«uB2 0 
#<&wo as t»$*tts*$c *fc. *s 
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fetttft 3 UXSiMrRfil" 

(007 5) ii«ft€Se l 3 f>*« OfcijbJS 2 0O# 

t4± urit. r£l4S 3 4>6ttffi 3 ft**cc#o-cii#t± 
fl^pKGaNB4£ifil'J5K*£W , r4C£ 
a*£* Ut*. r?*0, cn^Jg(Dl&T$7)'>pS2GaN 
/S4£&ttni*. BBTO*C!>£R«£IS*U 7tc?>3x 

ffl2o©t#t4tut\ s»«tt«rwr*4)9*«i»r«*, 
satfcttif 4c <L#r# &£-c£ bKAi< # 
(0076) is^ii^fte i 3 ©mu or i*. m 

«tf&c *';*-jK4^ hoffl 

[0077] *fc % *»0fflOS2-0©W4ibXt* 1 
SfkV'inxoSft^li, ^]2. 0t*9. Ga 

jaratc*5c»"c±ss*sn4ci«:PM'r4ci30ird 

2. 0) , Nd.O, (H»*t*«U2. 0) , Sb.O 
(H*r*t*ft2. 04) , ZrO, <JBtt*t*n2. 
1 > CeO t </5Bft$lirj2. 2) , T i O a iM«m 
lift 2. 2-2. 7) . ZnS <H»*U»2. 3 
5). BiiOi €BK4Um2. 4 5>nfi«:fflc^r^ 

ratt«cj^w^t**«:»^ct^'c*4. $6tc «no 

[0078] B±, ft*W**IHO^^*»«©*jfe<D 

[0079]*t ftAa-f^aa. .aft»^affik: 
[0080] *fc SfiiLrffli-4fcoi*if77^r 

O. ScAlMgO,. LaSr'GaO,. (LaSr) 
(A 1 Ta) 0,UZ<DI&&tt*ftP % S i C, Si. 
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*'t\<mm&fti>ctifix-$z>. ccx\ scaim? 

O.SfiOH^ccl*. (OOOllffl. (LaSr) 
(A 1 Ta) 0,S«OtS*tc« (111) fi&ffiw* 

J*< ttftCfcG a NJifctf? * ^ 7£<ffl»&3M UrG 
[0081] Sfc, GaN©JrV/$«ttG>Slg*ffll* 

[0082] 

[ 0 0 8 3 ] * *\ *JWKc J: W*. iN5#»*»^(C 

[0084 ] *fc % **WtCJ:n«. p5fiGaNP3<»& 
ffiflifiic 2* <Mg) ^i'OplMOF^ 20 

S^S&rdSStf&C^tCJ:^ piling 

[0085] -fcJWKcJrtu*. -vytw^u 

tOpSL K-'O h *&Abfcf&tt*<D£JgJS£p3iG 
aNS<D^@^6K?**r^Ciu:i:o-c, p©JS6ie>aiJ 

J:-?T, XftOliilrliea^ftlMU ^jfe^g^ 30 

[0 08 6]$*:, *&WCJiti\Z. ttflis^LUt 

K-fc>£"r*C£Kj:o*C, P^GaNS405fffl^ 

O^jBeccaiQisSn^Sfc^teU. GaNJ§££*fI£fs 

-fc'>^orGaNS5r/i<^l:f -Si rffl»hj 
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damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 6 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to a semiconductor light 
emitting device and its manufacture method. In more detail, nitride system semiconductor layers 
such as GaN, InGaN, and GaAIN, are the light emitting devices by which the laminating was carried 
out, and this invention relates to a semiconductor light emitting device with remarkable operating 
voltage reduction of an element, raise in brightness, improvement in reliability, etc. and its 
manufacture method. 
[0002] 

[Description of the Prior Art] By using the nitride system semiconductor represented by the gallium 
nitride the light emitting device of a blue and green wavelength range is being put in practical use 
from ultraviolet radiation. 

[0003] here » this application - setting - "a nitridesystem semiconductor" - BxInyAlzGa (1-x-y-z) 
-- N (0<-x<-l, 0<-y<-l , 0<=z<=l) -- the III-V group compound semiconductor expressed with an 
empirical formula - containing - further - as V group element - N - adding - Lynn - the mixed 
crystal containing (P), arsenic (As), etc. shall also be included 

[0004] By forming light emitting devices, such as light emitting diode (Light Emitting Diode) and 
semiconductor laser, using a nitride system semiconductor, luminescence of ultraviolet radiation 
with the high luminescence intensity which was difficult until now, a blue glow, green light etc is 
being attained. Moreover, a nitride system semiconductor has high crystal-growth temperature, and 
since it is the material stabilized also under high temperature, application of electronic DEBAISUHE 
is also expected. 

[0005] Hereafter, as an example of the semiconductor light emitting device using the nitride system 
semiconductor, Light Emitting Diode is mentioned as an example and explained. Drawing 10 is a 
conceptual diagram showing the cross-section structure of the conventional nitride system 
semiconductor Light Emitting Diode. That is, the conventional Light Emitting Diode has the 
composition in which the GaN buffer layer (not shown), the n type GaN layer 102 the InGaN 

In? 1 w US layCr 103 ' and the P type GaN layer 104 S rew e P itaxia »y one by one on silicon on sapphire 
101. Moreover, etching removal of a part of InGaN luminous layer 103 and p type GaN layer 104 is 
carried out, and the n type GaN layer 102 is exposed. The p side transparent electrode 1 13 is formed 
on the p type GaN layer 103, and the laminating of the insulator layer 107 for current prevention and 
the p side bonding electrode 106 is carried out to the part. Moreover, the n lateral electrode 105 is 
formed on the n type GaN layer 102. 

[0006] In such structure, the current poured in through the p lateral electrode 106 can be extended by 
the conductive good transparent electrode 113, from the p type GaN layer 103, current is injected 
into the n type GaN layer 102, and light is emitted, and the light penetrates a transparent electrode 
1 13 and is taken out out of a chip. 
[0007] 

[Problem(s) to be Solved by the Invention] However, it had the problem that the conventional nitride 
system semiconductor light emitting device which was illustrated to drawing 10 had the high contact 

mnn? 1106 ° f the P ° lar ZOne ' and that ° f the e J ection efficiency of light was bad. 

[0008] That is, it is difficult for the band gap of GaN to a 3.4eV and latus sake to consider ohmic 



contact as an electrode. While the contact resistance of the polar zone becomes high and the 
operating voltage of an element becomes high as the result, the problem of being large also produces 
generation of heat. 

[0009] Moreover, 2.67 and since the refractive index of GaN is large, its critical angle of refraction is 
very as small as 21.9 degrees. That is, the light which carried out incidence at the larger angle than 
this critical angle of refraction cannot be taken out besides a Light Emitting Diode chip, in view of 
the normal of an optical outgoing radiation side. Even if it forms AR (anti-reflection : acid resisting) 
film on the surface. of a chip, this critical angle does not change. For this reason, it was difficult to 
improve an external quantum efficiency and to obtain bigger luminescence power. 
[0010] Here, this problem is improvable if the front face of the p type GaN layer which is an optical 
ejection side is processed in the shape of toothing. However, in order to form the shape of toothing, a 
certain amount of [ a p type GaN layer ] thickness is needed. And when it was going to form the 
thick p type GaN layer, doping a high-concentration impurity in order to reduce contact resistance 
with an electrode, the new problem that the field dry area on the front face of a crystal occurred had 
arisen. 

[001 1] this invention is made based on recognition of these various technical problems. That is, the 
purpose is to offer the semiconductor light emitting device which can improve the ejection efficiency 
of light dramatically, and its manufacture method while securing the ohmic contact to an electrode 
[0012] 

[Means for Solving the Problem] Since the above-mentioned purpose is attained, the semiconductor 
light emitting device of this invention is a semiconductor light emitting device equipped with the 
luminescence section which consists of a nitride system semiconductor, can be characterized by 
preparing irregularity in the optical ejection side so that the ejection efficiency to the exterior of the 
light emitted from the aforementioned luminescence section may be improved, and can improve an 
external quantum efficiency sharply. 

[0013] Here, the aforementioned irregularity is characterized by preparing the translucency electrode 
in the front face of the aforementioned nitride system semiconductor in which it was prepared in the 
front face of a nitride system semiconductor, and the aforementioned irregularity was prepared 
further as a gestalt of desirable operation of this invention. 

[0014] Or the aforementioned semiconductor light emitting device is equipped with the translucency 
electrode prepared on the nitride system semiconductor which has a flat front face, and the 
aforementioned irregularity is characterized by being prepared in the front face of the 
aforementioned translucency electrode. 

[0015] Or the aforementioned semiconductor light emitting device is equipped with the translucency 
electrode prepared on the nitride system semiconductor which has a flat front face, and the optical 
ejection layer which is prepared on the aforementioned translucency electrode and has a 
translucency, and the aforementioned irregularity is characterized by being prepared in the front face 
of the aforementioned optical ejection layer. 

[0016] Moreover, in near the contact surface with the aforementioned translucency electrode layer, a 
dopant is introduced by high concentration and the aforementioned nitride system semiconductor 
under the aforementioned translucency electrode can reduce contact resistance sharply. 
[0017] Moreover, the aforementioned translucency electrode has the layer which consists of a metal 
of the thickness lOOnm or less which contacted the aforementioned nitride system semiconductor 
and was prepared, can improve the bond strength of ITO deposited on it, and can lower contact 
resistance. As this metal layer, it is desirable to use nickel or Pt. 

[0018] On the other hand, the manufacture method of the semiconductor light emitting device of this 
invention The process which forms the nitride system semiconductor which has the luminescence 
section, and the process which deposits on the front face of the aforementioned nitride system 
semiconductor the metal layer containing the dopant which raises conductivity, It can be 
characterized by having the process which makes the aforementioned nitride system semiconductor 
diffuse the aforementioned dopant, the process which removes the metal layer containing the 
aforementioned dopant, and the process which forms an electrode in the front face of the 
aforementioned nitride system semiconductor, and the contact resistance of an electrode can be 
reduced sharply. 



[0019] Here, the front face of the aforementioned nitride system semiconductor is further equipped 
with the process which forms irregularity in front of the aforementioned process which deposits the 
aforementioned metal layer, and the aforementioned electrode can be characterized by having a 
translucency to the light emitted from the aforementioned luminescence section, and can improve the 
ejection efficiency of light sharply. 

[0020] Moreover, if the 1st layer which deposited on the front face of the aforementioned nitride 
system semiconductor, and contained magnesium (Mg) as the aforementioned metal layer, and the 
2nd layer which consists of gold (Au) deposited on the 1st layer of the above shall be included, 
contact resistance can be reduced effectively. 
[0021] 

[Embodiments of the Invention] The gestalt of operation of this invention is explained referring to a 
drawing below. Drawing 1 is a tropia conceptual diagram showing the semiconductor light emitting 
device of this invention. That is, the semiconductor light emitting device of this drawing has the 
structure where the laminating of a GaN buffer layer (not shown), the n type GaN layer 2, the InGaN 
luminous layer 3, and the p type GaN layer 4 was carried out one by one on silicon on sapphire 1 . 
Moreover, etching removal of the InGaN luminous layer 3 and the p type GaN layer 4 is carried out 
alternatively, and the n type GaN layer 2 is exposed. On the p type GaN layer 4, the insulator layer 7 
for current prevention is formed in part. And the p side transparent electrode 13 is formed on the p 
type GaN layer 4 and an insulator layer 7, and the laminating of the bonding pad 6 by the side of p is 
alternatively carried out on it. Moreover, the n lateral electrode 5 is formed on the n type GaN layer 

[0022] One of the characteristic points of this invention is in the point that irregularity-like 
processing is given to the front face of the p type GaN layer 4. That is, in the illustrated example, 
two or more cylindrical-lens-like heights 9 are formed in the front face of the p type GaN layer 4. By 
processing the front face of the p type GaN layer 4 in this way, the ejection efficiency of the light 
emitted from the barrier layer 3 is improvable. 

[0023] That is, total reflection of the light which carried out incidence aslant at the larger normal 
angle than a critical angle to the ejection side among the light emitted from the barrier layer 3 as the 
ejection side of light is a flat surface like the conventional example shown in drawing 10 is carried 
out. On the other hand, in the light emitting device of this invention, it can be passed now also 
through the light which carried out incidence aslant to the optical ejection side outside according to 
an angle with the concavo-convex side which carried out incidence. Moreover, when the light by 
which total reflection was carried out also repeats reflection in a concavo-convex side and it carries 
out incidence to the front face of the concavo-convex section at a normal angle smaller than a critical 
angle in the process, it can pass outside. 

[0024] That is, in the case of a concavo-convex field, compared with the case of the optical ejection 
side of the conventional plane, the probability which carries out incidence on the normal square 
smaller than 21.9 degrees which is a critical angle increases rapidly. The efficiency which can take 
out outside the light emitted from the barrier layer 3 as the result, i.e., an external quantum 
efficiency, is sharply improvable. 

[0025] Moreover, in this operation gestalt, the height of the front face of the p type GaN layer 4 acts 
also as two or more cylindrical lenses or rod lenses, therefore, the line of the barrier layer of the 
lower part of these heights - it is condensed by each cylindrical lens and the light emitted from the 
portion is emitted as two or more linear beams 

[0026] On the other hand, another focus of the semiconductor light emitting device by this invention 
is that magnesium (Mg) contains by high concentration near the front face of the p type GaN layer 4. 
That is, after heat-treating by having once deposited the metal layer containing magnesium on the 
front face of the p type GaN layer 4 in the manufacturing process of an element in this invention and 
making the surface layer of the GaN layer 4 diffuse magnesium so that it may explain in full detail 
behind, the metal layer is removed and the p side transparent electrode 13 is formed. According to 
such a peculiar process, the carrier concentration near the front face of the p type GaN layer 4 is 
raised, and the ohmic contact to a transparent electrode 13 can be secured. As the result, the 
operating voltage of an element can be reduced and many properties can be improved. 
[0027] Furthermore, the "field dry area" of the p type GaN layer 4 is also avoidable by doping 



magnesium to the surface layer of the p type GaN layer 4 in this way at high concentration. That is, 
in this invention, in order to prepare irregularity in the front face of the p type GaN layer 4, it is 
necessary to form the GaN layer 4 somewhat thickly. However, there was a problem that a' "field dry 
area" would generate the GaN layer 4 if it grows up thickly, doping p type dopant by high 
concentration, in order to secure the ohmic contact to p lateral electrode. If such a "field dry area" 
occurs, after processing irregularity like this invention, the quality of the crystal of the front face will 
not be good, and many properties will fall. 

[0028] On the other hand, according to this invention, since magnesium is introduced after growth, 
on the occasion of growth of the p type GaN layer 4, it is not necessary to make doping 
concentration so high. Therefore, it becomes possible to grow up the GaN layer 4 thickly, without 
causing a "field dry area." 

[0029] Next, the example of the manufacture method of the light emitting device of this invention is 
explained. 

[0030] Drawing_2 and drawing! are the outline process cross sections showing the important section 
manufacture method of the light emitting device of this invention. That is, these drawings are outline 
cross sections showing a part of cross section cut by the A-A line shown in drawing 1 . 
[0031] First, as expressed to this drawing (a), the crystal growth of the GaN buffer layer which is not 
illustrated on silicon on sapphire I, the n type GaN layer 2, the InGaN luminous layer 3, and the p 
type GaN layer 4 is carried out one by one. As a crystal-growth method, methods, such as the 
MOCVD (metal-organic chemical vapor deposition) method, hydride CVD, or MBE 
(molecularbeam epitaxy), can be mentioned, for example. 

[0032] Next, a resist pattern is formed as expressed to drawing 2 (b). Specifically, a resist is applied 
to the front face of the p type GaN layer 4, patterning is carried out by the PEP (photo-engraving 
process) method, and the resist pattern 30 of two or more shape of an parallel stripe is formed. As for 
the concrete size of a resist pattern, it is desirable to determine suitably according to the distance 
from a barrier layer 3 to an optical ejection side, the optical intensity distribution demanded in the 
optical system with which a light emitting device is used. Specifically, the width of face and the 
interval of a stripe of a resist pattern can be made into about several microns, respectively. 
[0033] Next, as expressed to drawing 2 (c), the configuration of the resist pattern 30 is processed. A 
stripe-like resist is softened and the cross section is made to specifically deform into semicircle-like 
a "boiled-fish-paste configuration" by heat-treating. 

[0034] Next, as expressed to drawing 2 (d), the configuration of the resist pattern 30 is imprinted in 
the p type GaN layer 4. Specifically, it ********** s by methods, such as the upper shell R1E 
(reactiveion etching) of the resist pattern 30, and ion milling (ion milling). Then, in the resist pattern 
30, it ********** s on e by one and the p type GaN layer 4 under it also ********** s one by one 
further. Thus, the irregularity similar to the cross-section configuration of the resist pattern 30 can be 
formed in the front face of the p type GaN layer 4. 

[0035] Here, the relation between the cross-section configuration of the resist pattern 30 and the 
cross-section configuration of the surface irregularity of the p type GaN layer 4 after processing is 
determined by the ratio of an etch rate. That is, to the etch rate of the resist pattern 30, when the etch 
rate of the p type GaN layer 4 is quicker, the irregularity of the p type GaN layer 4 is emphasized 
rather than a resist pattern. On the other hand, to the etch rate of the resist pattern 30, when the etch 
rate of the p type GaN layer 4 is slower, the irregularity of the p type GaN layer 4 is eased rather 
than a resist pattern. Therefore, the irregularity of the p type GaN layer 4 is controllable by adjusting 
suitably the cross-section configuration and etch selectivity of the resist pattern 30. 
[0036] Next, as expressed to drawing 3 (a), it heat-treats by carrying out the vacuum evaporationo of 
the Mg (magnesium) layer 40 and the Au(gold) layer 42 to the whole front face of the p type GaN 
layer 4 which processed the shape of toothing one by one first. Here, the thickness of the Mg layer 
40 can set thickness of lOnm and the Au layer 42 to lOOnm. Moreover, a good result is obtained by 
making temperature of heat treatment into 300 degrees C or more. For example, it is effective to give 
20-second room [ about ] flash plate annealing at 750 degrees C. According to this process, Mg is 
spread in the surface layer of the GaN layer 4, and can make surface carrier concentration high 
enough. Here, the Au(gold) layer 42 acts as the so-called "cap layer." That is, from forming the Au 
layer 42 on the Mg layer 40, the Mg layer 40 can be protected, it can prevent that Mg evaporates in 



the case of heat treatment, and diffusion of Mg to the GaN layer 4 can be promoted. Moreover heat 
treatment performed here acts also on mitigating the damage given to the semiconductor layer by dry 
processes, such as RIE and ion milling, and recovering crystallinity. 

[0037] Here, you may carry out the laminating of Mg layer and the In (indium) layer instead of 
depositing the laminated structure of Mg layer and Au layer. Or you may carry out the laminating of 
Mg layer, In layer, and the Au layer. Furthermore, you may deposit the alloy layer of Au or In which 
made either contain Mg at least. If In is used, In will also be diffused near the front face of the GaN 
layer 4 with Mg, and the thin layer of InGaN will be locally formed in it. Since the band gap is small 
as compared with GaN, InGaN can carry out fitness of the ohmic contact to p lateral electrode 
further. 

[0038] Moreover, as a p type dopant, it is thought besides Mg that various kinds of II group elements 
can be used. For example, a good result may be obtained even if it uses Be (beryllium), Hg 
(mercury), Zn (zinc), Cd (cadmium), etc. Furthermore, as a p type dopant, various kind's of material 
such as C (carbon), can be used. 

[0039] Next, as expressed to drawing 3 (b), etching removes the Mg layer 40 and the Au layer 42 
which were deposited. By this state, the front face of the p type GaN layer 4 is doped by 
concentration with expensive Mg. Thus, by removing the Mg layer 40 and the Au layer 42 "peeling" 
of the electrode formed next is cancelable. That is, according to experiment examination of this 
invention person, when Mg layer intervened between the p type GaN layer 4 and p lateral electrode 
the inclination for p lateral electrode to become easy to exfoliate was accepted. On the other hand 
according to this invention, ablation of p lateral electrode is cancelable by removing the Mg layer 40 
Simultaneously/by removing these metal layers, the transparency of an optical ejection side can be 
secured and luminescence intensity can also be improved. 

[0040] Next, as expressed to draw]ng_3 (c), the n lateral electrode 5 is formed. Specifically, first the 
p type GaN layer 4 and a barrier layer 3 are ********** ed partially, and the n type GaN layer 2 is 
exposed. And Si02 film 7 is deposited by heat CVD, and patterning is carried out using the PEP 
method. Furthermore, n type electrode 5 is formed by carrying out the vacuum evaporationo of Ti 
layer 5a and the Au layer 5b on the n type GaN layer 2 exposed by etching, carrying out patterning 
by the hft off, and giving 20-second room [ about ] flash plate annealing at 800 degrees C 
[0041] Next, as expressed to drawing^ (d), the p lateral electrode 13 is formed. Specifically 
patterning of the Si02 film 7 of the front face of the p type GaN layer 4 is carried out by thePEP 
method, and it is removed partially. And on the p type GaN layer 4 by which concavo-convex 
processing was carried out, with a thickness of 5nm nickel (nickel) layer 13a is deposited by the 
vacuum deposition method as a transparent metal electrode, and ITO (indium tin oxide) transparent- 
electrode 13b is further formed by the spatter. In addition, you may use Pt (platinum) layer instead of 
nickel (nickel) layer 13a. Thus, if metal layer 13a, such as nickel and Pt, is prepared in the bottom of 
ITO layer 13b, the bond strength of an ITO layer can be improved and contact resistance can also be 
reduced further. 

[0042] Furthermore, the bonding pad 6 connected with the ITO transparent electrode 13 is formed by 
depositing gold (Au) etc. and carrying out patterning by the PEP method. 
[0043] Here, Si02 film 7 left behind to the front face of the p type GaN layer 4 prevents 
luminescence in the lower part of a bonding pad 6, and has the role which improves luminous 
efficiency. In addition, as expressed to drawin g^ (c) and (d), Si02 film 7 formed after exposing the 
n type GaN layer 2 partially is formed also in the mesa side which the side of a luminous layer 3 has 
exposed, and is formed also in the circumference of p lateral electrode except the lap portions of n 
lateral-electrode portion, a transparent electrode, and p lateral electrode. 
[0044] Drawing ^ is a graphical representation showing the property of the semiconductor light 
emitting device obtained by doing in this way. That is, in the current-voltage characteristic and this 
drawing (b), this drawing (a) expresses current-light power characteristics, respectively. Moreover, 
in these property views, the property of the conventional semiconductor light emitting device 
expressed to drawing 10 was also shown collectively. 

[0045] If the current-voltage characteristic of drawin g 4 (a) is seen, in the case of the conventional 
element, in 3v, the operating current is about 1mA, and the standup of the current accompanying an 
increase for voltage is slow. On the other hand, in the case of the element of this invention, 5mA was 



obtained in 3v, and current has started rapidly with the increase in voltage. The element of this 
invention was able to have voltage as low as about 3.2v in case current value is 3.2mA, and was able 
to fall operating voltage 10% or more as compared with the conventional element. 
[0046] On the other hand, when the luminescence property of dr awin g 4 (b) is seen, it turns out that 
the optical output has doubled the element of this invention compared with the former. For example, 
if the optical output in 20mA of operating currents is seen, with the element of this invention, 
0.95mW is obtained to being 0.45mW with the conventional element. Thus, according to this 
invention, by preparing irregularity in an optical ejection side, the ejection efficiency of light 
improved and the optical output more than the conventional double precision was obtained. 
[0047] Moreover, the luminescence wavelength of the light emitting device of this invention was 
about 450 nanometers. Furthermore, in the element of this invention, although the morphology of the 
front face of the p type GaN layer 4 is good and grew comparatively thickly, a "field dry area" did 
not produce it. Furthermore, the bond strength of the translucency electrode layer 13 formed in the 
front face of the p type GaN layer 4 is also good, and exfoliation did not arise. 
[0048] As explained in full detail above, according to this invention, the ohmic contact by the side of 
p was good, the ejection efficiency of light was also high, and it turns out that a semiconductor light 
emitting device also with good reliability can be offered. 
[0049] Next, the modification of this invention is explained. 

[0050] Drawing 5 is a conceptual perspective diagram showing the 1st modification of this 
invention. In this drawing, the same sign is given to the same portion as the portion mentioned above 
about drawin gj, or drawin g! , and detailed explanation is omitted. In this modification, the height 
10 of the shape of the shape not of a semicircle pilaster but a semi-sphere is formed in the front face 
of the p type GaN layer 4. It is improvable even if it does in this way, the ejection efficiency, i.e., the 
external quantum efficiency, of light. 

[0051] Moreover, the shape of toothing of this example of transformation can be formed like the 
process mentioned above about drawin g 2 , and an outline. That is, the height 10 of the shape of a 
semi-sphere which was expressed to drawing 5 can be formed by ********* *i ng) a ft er ma king a 
circular pattern form and carry out heating softening of the resist on the p type GaN layer 4 and 
considering as a lens configuration. 

[0052] Also in this modification, the probability which can take out outside the light emitted from 
the barrier layer 3 like what was mentioned above about drawing 1 , i.e., an external quantum 
efficiency, is sharply improvable. 

[0053] Furthermore, according to this modification, the light by which lower shell discharge of the 
heights of each semi-sphere-like lens is carried out can be condensed with each semi-sphere-like 
lens, and it can emit outside. 

[0054] Next, the 2nd modification of this invention is explained. 

[0055] Drawing 6 is a conceptual perspective diagram showing the 2nd modification of this 
invention. Also in this drawing, the same sign is given to the same portion as the portion mentioned 
above about drawing 1 or drawing 3 , and detailed explanation is omitted. In this modification, the 
height 1 1 of the shape of two or more mesa stripe which is not spherical is formed in the front face 
of the p type GaN layer 4. It is improvable even if it does in this way, the ejection efficiency, i.e., the 
external quantum efficiency, of light. 

[0056] Moreover, it can form like the process which also mentioned above the shape of toothing of 
this example of transformation about drawing 2 , and an outline. That is, as expressed to drawing 2 
(b), the irregularity of a configuration which was expressed to drawing 6 can be formed by forming a 
resist in the shape of a stripe on the p type GaN layer 4, and ******.****i ng) without carrying out 
heating softening. 

[0057] Also in this modification, the probability which can take out outside the light emitted from 
the barrier layer 3 like what was mentioned above about drawing 1 , i.e., an external quantum 
efficiency, is sharply improvable. 

[0058] Furthermore, according to this modification, the softening process of a resist pattern which 
was mentioned above about drawing 2 (c) is unnecessary, and it also has the advantage that 
manufacture is easy. 

[0059] Next, the 3rd modification of this invention is explained. 



[0060] Drawing 7 is a conceptual perspective diagram showing the 3rd modification of this 
invention. Also in this drawing, the same sign is given to the same portion as the portion mentioned 
above about drawin g! or drawing^ , and detailed explanation is omitted. In this modification, the 
height 12 of the shape of a single semi-sphere lens is formed in the front face of the p type GaN layer 
4. It is improvable even if it does in this way, the ejection efficiency, i.e., the external quantum 
efficiency, of light. 

[0061] It can form like the process which also mentioned above the shape of toothing of this 
example of transformation about drawing 2 , and an outline. That is, when a resist is formed thickly 
and carries out heating softening by the circular pattern on the p type GaN layer 4, a lens 
configuration which was expressed to dr awin g 7 can be formed by fabricating and ********** j ng m 
the configuration of the shape of a single semi-sphere. 

[0062] Also in this modification, the probability which can take out outside the light emitted from 
the barrier layer 3 like what was mentioned above about drawing 1 , i.e., an external quantum 
efficiency, is sharply improvable. 

[0063] Furthermore, according to this modification, by having made the heights of the front face of " 
the p type GaN layer 4 into the shape of a single lens, a condensing high effect is acquired and the 
joint efficiency to a fiber etc. can be improved. 
[0064] Next, the 4th modification of this invention is explained. 

[0065] Drawing_8 is a conceptual perspective diagram showing the 4th modification of this 
invention. Also in this drawing, the same sign is given to the same portion as the portion mentioned 
above about drawingj or drawin g! , and detailed explanation is omitted. In this modification, thfe 
front face of the p type GaN layer 4 is a flat surface, and the front face of the p side transparent 
electrode 13 deposited on it is processed in the shape of irregularity. Even if it does in this way, the 
ejection efficiency of light is improvable. 

[0066] That is, the refractive index of ITO used abundantly as a transparent electrode 13 is about 2.0, 
and is near to the refractive index 2.67 of the p type GaN layer 4. Therefore, between the p type GaN 
layer 4 and a transparent electrode 13, total reflection is hardly produced and it can be passed 
through light. And the probability which carries out incidence at a normal angle smaller than a 
critical angle in the concavo-convex field like the case where it mentions above about drawing 1 
becomes high, and the light which carried out incidence to the transparent electrode 13 can improve 
the ejection efficiency of light as the result. 

[0067] Furthermore, according to this operation form, since it is not necessary to process the front 
face of the p type GaN layer 4, the damage which may be produced with processing is cancelable. 
For example, in order to process the front face of the p type GaN layer 4 in the shape of irregularity, 
**** and the front face of the p type GaN layer 4 may deteriorate in too much plasma and charged 
particle, and the problem of the ohmic contact to p lateral electrode deteriorating may arise. On the 
other hand, according to this operation form, since it is not necessary to process the front face of the 
p type GaN layer 4, it becomes easy to maintain ohmic contact. 

[0068] Moreover, in this modification, since it is not necessary to form irregularity in the front face 
of the p type GaN layer 4, it is not necessary to grow up the p type GaN layer 4 so thickly. 
[0069] The pattern of the irregularity prepared in the front face of a transparent electrode 13 is not 
limited to what was illustrated, but a pattern which was illustrated to drawing 1 - drawing 3 can be - 
similarly used for it. Moreover, as for the pattern size, it is desirable to make it larger than the 
wavelength of the light emitted from a barrier layer 3. That is, in the illustrated example, it is 
desirable to make the concavo-convex width of face and the concavo-convex height of a stripe larger 
than about 500 nanometers. 

[0070] On the other hand, since transparent electrodes, such as ITO, are difficult to deposit thickly to 
about several microns, the need of forming the concavo-convex width of face and the concavo- 
convex height of a stripe in 1 micron or less may produce them. As a method of forming such a 
detailed pattern, there is the "interference exposing method", for example. This is the method of 
producing a "interference fringe" by multiplexing, dividing into the 2 flux of lights the laser beam 
which is the method used in case the diffraction grating (grating) of an OPTO semiconductor device 
is formed, and is two from which wavelength differs through a one-way mirror, reflecting each flux 
of light by the total reflection mirror which is in a position symmetrically, respectively, and carrying 



out incidence to an object. Thus, by the obtained interference fringe, a detailed stripe-like pattern can 
be formed by exposing a resist. 

[0071] As a laser beam, helium-Cd laser (wavelength : 325 nanometers) and Ar laser (wavelength : 
351 nanometers) can be used, for example. 

[0072] Moreover, an "electron-beam-exposure method" can be mentioned as a method of forming 
such a detailed pattern. This is the method of forming a predetermined pattern by scanning an 
electron beam, using as a mask the material which has photosensitivity to an electron ray. 
[0073] Next, the 5th modification of this invention is explained. 

[0074] Drawing^ is a conceptual perspective diagram showing the 5th modification of this 
invention. Also in this drawing, the same sign is given to the same portion as the portion mentioned 
above about drawing! or drawing^ , and detailed explanation is omitted. Also in this modification, 
the front face of the p type GaN layer 4 is a flat surface, on it, the p side transparent electrode 13 
accumulates and the optical ejection layer 20 which has a translucency on it is formed further. And 
the front face of the optical ejection layer 20 is processed in the shape of irregularity. Even if it does 
in this way, the ejection efficiency of light is improvable. Moreover, since it is not necessary to form 
irregularity in the front face of the p type GaN layer 4, in this modification, it is not necessary to 
prevent the injury accompanying processing and to grow up the p type GaN layer 4 so thickly. In 
addition, in the case of this modification, the translucency electrode layer 13 and the bonding 
electrode 6 are connected, and a flow is secured to it. 

[0075] It is desirable to have a translucency and to have the p type GaN layer 4 and a near refractive 
index to the light emitted from a barrier layer 3, as a material of the translucency electrode layer 13 
or the optical ejection layer 20. That is, with the p type GaN layer 4, if the refractive index of these 
layers is near, it can reduce the total reflection of the light between layers, and it can make ejection 
efficiency of light high. Moreover, if what has conductivity is used as a material of the optical 
ejection layer 20, it is still better at the point which can extend current. 

[0076] As a material of the translucency electrode layer 13, ITO can be mentioned, for example. 
Moreover, as a material of the optical ejection layer 20, organic materials, such as a resin with near 
GaN and refractive index, and inorganic material can be used, for example. Since it can form thickly 
when using resin material, big irregularity can also be formed easily and becomes possible 
[ choosing a concavo-convex configuration and a concavo-convex size arbitrarily ]. As a resin 
material, a polycarbonate can specifically be mentioned. That is, the refractive index of a 
polycarbonate has GaN and a comparatively near refractive index about by about 1 .6. 
[0077] Moreover, a silicon nitride (SiNx) can be mentioned as a material of the optical ejection layer 
20. That is, the refractive index of a silicon nitride is about 2.0, and can prevent that total reflection 
of the light emitted from the barrier layer 3 is carried out to the refractive index of GaN between 
layers since it is near. Moreover, In 203 (a refractive index is about 2.0), Nd202 (a refractive index 
is about 2.0), [ in addition, ] Sb203 (a refractive index is about 2.04), Zr02 (a refractive index is 
about 2.1), Even if it uses Ce02 (a refractive index is about 2.2), Ti02 (a refractive index is about 
2.2-2.7), ZnS (a refractive index is about 2.35), Bi 203 (a refractive index is about 2.45), etc., a good 
result can be obtained similarly. Furthermore, as a material of the optical ejection layer 20, you may 
use the metallic oxide which has conductivity. 

[0078] In the above, the gestalt of operation of this invention was explained, referring to an example. 
However, this invention is not limited to these examples. For example, the shape of toothing 
prepared in the front face of a GaN layer can consider various configurations, and-even if it has 
regular or the shape of irregularity toothing, it can acquire the same operation effect. 
[0079] Moreover, this contractor can change the structure of a light emitting device suitably, and can 
carry it out similarly. That is, if needed, the laminated structure of an element and composition of 
material can be optimized, for example, a barrier layer may be made into multiplex quantum well 
type structure, or a clad layer may be prepared in the upper and lower sides of a barrier layer. 
[0080] Moreover, what is used as a substrate cannot be limited to sapphire, in addition can use 
similarly conductive substrates, such as insulating substrates, such as a spinel, and MgO, 
ScAlMg04, LaSrGa04, O (AlTa (LaSr))3, and SiC, Si, GaAs, GaN, and can acquire each effect. 
Here, in the case of ScAlMg04 substrate, it is desirable to use a field in the case of a field (0001) 
and 0(AlTa (LaSr))3 substrate (111). Especially about GaN, on silicon on sapphire, it exfoliates 



from silicon on sapphire and the GaN layer which grew thickly by the hydride vapor growth etc. can 
be used as a GaN substrate, for example. 

[0081] Moreover, when a conductive substrate like GaN is used, n lateral electrode of a light 

emitting device can also be prepared in the rear-face side of a substrate. 

[0082] 

[Effect of the Invention] this invention is carried out with a gestalt which was explained above, and 
does so the effect of explaining below. 

[0083] First, according to this invention, in a semiconductor light emitting device, it is sharply 
improvable by processing the ejection side of light in the shape of irregularity, the ejection 
efficiency, i.e., the external quantum efficiency, of the light emitted from the barrier layer. 
[0084] Moreover, according to this invention, by making p type dopants, such as magnesium (Mg), 
contain near the front face of a p type GaN layer by high concentration, the ohmic contact to p lateral 
electrode can be secured, the operating voltage of an element can be reduced, generation of heat can 
be suppressed, and reliability can also be improved. 

[0085] Furthermore, according to this invention, after introducing p type dopants, such as 
magnesium, ablation of p lateral electrode is cancelable by removing the metal layer from the front 
face of a p type GaN layer. That is, degradation of the property accompanying ablation of an 
electrode can be canceled and the reliability of a light emitting device can be raised. Simultaneously, 
by removing these metal layers, the transparency of an optical ejection side can be secured and 
luminescence intensity can also be improved. 

[0086] Moreover, according to this invention, the "field dry area" of the p type GaN layer 4 is also 
avoidable by preparing metal layers, such as magnesium, and doping p type dopant to high 
concentration by diffusion. That is, in order to prepare irregularity in the front face of a p type GaN 
layer, it is necessary to form a GaN layer somewhat thickly, and p type dopant is doped by high 
. concentration, and there is a problem that a "field dry area" will generate a GaN layer if it grows up 
thickly. On the other hand, according to this invention, since magnesium is introduced after growth, 
on the occasion of growth of a p type GaN layer, it is not necessary to make doping concentration so 
high. Therefore, it becomes possible to grow up the GaN layer 4 thickly, without causing a "field dry 
area." 

[0087] According to this invention, as explained in full detail above, an external quantum efficiency 
is high, operating voltage is low, and it becomes possible to offer the semiconductor light emitting 
device by which reliability has also been improved, and the merit on industry is great. 
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CLAIMS 
[Claim(s)] 



[Claim 1] The semiconductor light emitting device which is a semiconductor light emitting device 
equipped with the luminescence section which consists of a nitride system semiconductor and is 
characterized by preparing irregularity in the optical ejection side so that the ejection efficiency to 
the exterior of the light emitted from the aforementioned luminescence section may be improved 
[Claim 2] The aforementioned irregularity is a semiconductor light emitting device according to 
claim 1 characterized by preparing the translucency electrode in the front face of the aforementioned 
nitride system semiconductor in which it was prepared in the front face of a nitride system 
semiconductor, and the aforementioned irregularity was prepared further. 
[Claim 3] It is the semiconductor light emitting device according to claim 1 which the 
aforementioned semiconductor light emitting device is equipped with the translucency electrode 
prepared on the nitride system semiconductor which has a flat front face, and is characterized by 
preparing the aforementioned irregularity in the front face of the aforementioned translucency 
electrode. J 

[Claim 4] It is the semiconductor light emitting device according to claim 1 which the 
aforementioned semiconductor light emitting device is equipped with the translucency electrode 
prepared on the nitride system semiconductor which has a flat front face, and the optical ejection 
layer which is prepared on the aforementioned translucency electrode and has a translucency and is 
characterized by preparing the aforementioned irregularity in the front face of the aforementioned 
optical ejection layer. 

[Claim 5] The aforementioned nitride system semiconductor under the aforementioned translucency 
electrode is the semiconductor light emitting device of any one publication of the claim 1 -4 
characterized by introducing the dopant by high concentration in near the contact surface with the 
aforementioned translucency electrode layer. 

[Claim 6] The aforementioned translucency electrode is the semiconductor light emitting device of 
any one publication of the claim 1-5 characterized by having the layer which consists of a metal of 
the thickness lOOnm or less which contacted the aforementioned nitride system semiconductor and 
was prepared. 

[Claim 7] The manufacture method of the semiconductor light emitting device characterized by to 
have the process which forms the nitride system semiconductor which has the luminescence section, 
the process which deposit on the front face of the aforementioned nitride system semiconductor the ' 
metal layer containing the dopant which raises conductivity, the process which make the 
aforementioned nitride system semiconductor diffuse the aforementioned dopant, the process which 
remove the metal layer containing the aforementioned dopant, and the process which form an 
electrode in the front face of the aforementioned nitride system semiconductor. 
[Claim 8] It is the manufacture method of the semiconductor light emitting device according to claim 
7 which equips the front face of the aforementioned nitride system semiconductor with the process 
which forms irregularity further in front of the aforementioned process which deposits the 
aforementioned metal layer, and is characterized by the aforementioned electrode having a 
translucency to the light emitted from the aforementioned luminescence section. 
[Claim 9] The aforementioned metal layer is the manufacture method of the semiconductor light 
emitting device according to claim 7 or 8 characterized by including the 1st layer which deposited on 



the front face of the aforementioned nitride system semiconductor, and contained magnesium (Mg), 
and the 2nd layer which consists of gold (Au) deposited on the 1st layer of the above. 
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